The aim of present study was to examine the effect dietary supplementation of formic acid on growth performance, some heamatological, biochemical and oxidative stress parameters as well as carcass traits of summer stressed Californian (CAL) and Californian × Rex (CAL × RX) crossbred rabbits. A total of 60 rabbits 4 weeks old were allotted into 2 × 3 completely randomized design (two genotypes; CAL and CAL × RX and three dietary treatment; 0, 0.3 and 0.5% formic acid).Rabbits were subjected to a temperature of 32±1°C during the experimental period, they were slaughtered at 10 weeks of age and blood samples were collected at slaughtering. Rabbits fed diet with 0.5% formic acid had the higher final body weight (P<0.001), body weight gain (BWG) (P<0.001), average daily gain (ADG) (P<0.001) and the lowest feed to gain ratio (P<0.001) compared with those fed diet with 0.3% formic acid and the control rabbits. Rabbits fed diet supplemented with 0.3% formic acid had higher significant total protein (P<0.001) and globulin (P<0.001) than the control rabbits whilst, the highest significant red blood cell (RBCs), white blood cell (WBCs) count and catalase activity have been recorded in 0.5% formic acid group. Carcass traits significantly affected (P<0.05) by dietary supplementation of formic acid were; hot and reference carcass weights, and dressing-out, skin, stomach, intestine, liver, hind part proportions. The effect of genotype × dietary supplement of formic acid was significant for average daily feed intake (ADFI), (P=0.028), cholesterol (P=0.001), Hb (P=0.002), haematocrit percentage (P=0.006) glutathione peroxidase (P=0.026), and dressing-out% (P=0.028). Net profit for CAL and CAL × RX were 8.68 and 10.34 (LE/rabbit) and for 0, 0.3 and 0.5% formic acid were 4.87, 10.11 and 13.72 LE/rabbit. In conclusion, Formic acid can be used as a dietary supplement at 0.5% of diet to improve economic efficiency, growth traits and health, immune parameters in the blood and improved the antioxidant status without any harmful effect on carcass traits.
Introduction
Rabbits can be used as a good alternative source of animal protein for humans in the developing countries (1) . They characterized by high reproductive output and can digested high fibers diet such as forages and agriculture byproduct to produce high quality meat (2) These meat high in protein and low in fat (3) . The problem of bacterial antibiotic resistance arises from use of antibiotics as a feed additive attracts a public health concern (4, 5) . This fact encourages the European Union to ban the use of antibiotic as a growth promoters since 2006 (6) . So other safe, natural, efficient and economic feed additives that exert the same purpose becomes very interesting.
Organic acids can be used as replacement for antibiotics in rabbits' diet (7) . There are many benefits of using organic acids as a feed additives such as antifungal property, antibacterial activity against anaerobic pathogens (8) , reduced mortality caused by gastrointestinal tract disease (9-11) and stimulate gastrointestinal mucosal growth (12) . Also (13) observed that dietary treatment with 0.5% acetic acid or 0.5% lactic acid had a positive effect on body weight gain and feed conversion ratio. In addition to, plasma cholesterol and total lipids have been lowered in summer stressed growing New Zealand White rabbits. (14, 15) found that rabbits fed diet supplemented with a blend of microencapsulated formic and citric acids 0.2% in the finishing period (56-77 d) had higher significant ADG compared with control. The diet supplementation with organic acids had no effect on carcass traits (13-18) detected that inclusion of organic acids, butyric acid, calcium formate or its salts in the diet had no effect on internal organs and skin weights, but hot carcass weight and dressing-out percentage were significantly affected.
The objective of this study was to study the effect dietary supplementation with formic acid on growth performance, haematological, biochemical and oxidative stress parameters as well as carcass traits in rabbit of different genotype exposed to heat stress. In addition to this, to evaluate the economics of formic acid inclusion in rabbits' feed.
Materials and methods

Animals, diet and management
A total of 60 CAL and CAL × RX of equal sex rabbits about 4 weeks old at the start of this investigation nearly homogenous with average initial body weight of 434.33±17.43 have been subjected to 2 × 3 completely randomized design (two genotypes; 30 of each CAL and CAL × RX, and threes dietary treatments; 20 of each 0, 0.3 and 0.5% of diet formic acid) and ten replicates. The ingredients of the basal diet was firstly prepared then divided into three equal parts. The formic acid was added to the last two parts at 0.3 and 0.5% of the diet.
The proximate chemical composition of the basal diets were determined according to AOAC (19) . The experimental rabbits were ear tagged, housed in well ventilated house in flat deck arranged metal cages (two rabbit of the same genetic group per cage; one male and one female), the dimensions of the cage were (45 × 45 × 35 cm). The manure was regulatory disposed on a daily bases and a metal feeder and a drip nipple drinker have been provided for each cage. Ration and water were offered for ad libitum consumption. This experiment has been performed during summer months (July and August) of Egypt and inside temperature has been maintained to be averaged 32±1°C. A fourteen hours of day light has been maintained. The fattening period was 6 weeks (from 4 to 10 weeks of age).
Growth performance
The initial and the final body weights were recorded on individual bases while feed intake were recorded on cage bases and the feed to gain ratio were calculated.
Carcass traits
All the experimental rabbits were slaughtered at 10 weeks of age in the same day and all the slaughtered procedures follow the world rabbit science association recommendations (20). The rabbits were fasted to about 12 hours. Firstly, the live weights were recorded, then rabbits were stunned and the two jugulars were served. Blood, skin including distal paws and tail, intestine, stomach were weighed, the remaining was the hot carcass, then chilled in ventilated room at 4°C for 24 hour and then head, liver, heart, lungs, esophagus, trachea, thymus gland, and kidney free of perirenal fat were removed as reference carcass. Finally, the reference carcass was divided into three anatomical parts (fore, mid and hind parts).
Blood haematological, biochemical and oxidative stress parameters while slaughtering rabbits two blood samples per rabbit have been collected, on ethylenediaminetetra-acetic acid (EDTA) for haematological studies and one without anticoagulants for plasma separation for biochemical and oxidative stress parameters. Red blood cell count (RBC), white blood cell count (WBC), h aemoglobin (Hb) concentration and haematocrit% were performed as previously described (21) (22) (23) . For serum separation the blood samples were centrifuges 3000g for 15 min at a temperature of 15-24°C and the samples were stored at -20°C until they were assayed. Total proteins, albumin, triglycerides and cholesterol were determined photometrically by using commercial kits and as previously described (24) . The serum level of glutathione peroxidase, superoxide dismutase, catalase activity and lipid peroxidase were measured as previously detailed (25, 26).
Statistical analysis
A general linear mode (GLM) of (27) was utilized to analyze the data of growth performance, blood parameters, carcass traits and economic efficiency parameters. The following model used:
Where Yijk is an observation on nth rabbit of each trait, µ is the overall mean, Gi is the fixed effect of ith breed (i = 1and 2, i.e. CAL and CAL × RX), Tjis the fixed effect of dietary treatment with formic acid (j = 1, 2 and 3, i.e. 0, 0.3 and 0.5% of diet), GTij is the effect of interaction between genotype and dietary treatment with formic acid level and eijk is the random residual effect. The comparisons between means were performed using (28) at P<0.05.
Economic parameters
The following indices were calculated per each groups of rabbits: Total fixed costs (TFC), total costs (TC)(30,31). Total return (NR), net profit (NP) and economic efficiency (EE) (29) (30) (31) (32) .
Results
Growth performance
CAL rabbits had heavier final body weight than CAL × RX (P=0.009) ( Table 1) .Rabbits fed diet with 0.5% formic acid had the highest significant final body weight (P<0.001), BWG (P<0.001), ADG (P<0.001) and the lowest feed to gain ratio (P<0.001) compared with those fed diet with 0.3% formic acid and the control rabbits ( Table 1 ). The effect of genotype × dietary supplementation was non-significant on all growth traits except for ADFI (Table 1) .
Blood heamatological, biochemical and oxidative stress parameters
The CAL genotype had higher significant serum triglycerides concentration (P=0.003) than CAL × RX, however, CAL × RX rabbit had higher significant WBC count (P<0.001) and catalase activity (P<0.001) than their CAL counterparts ( Table 2) . Regardless the rabbits' genetic group, those fed diet with 0.3% formic acid had higher significant total protein (P<0.001) and globulin (P<0.001) than the control rabbits. In contrast, they had lower significant albumin/globulin ratio (P<0.001) than the 0% formic acid group (Table 3 ). The control rabbits had the highest significant albumin (P<0.001) albumin/globulin ratio, whilst they recorded the lowest significant total protein, globulin, RBC (P<0.001), WBC count (P<0.001) and catalase activity compared with those fed diet supplemented with 0.3% and 0.5% formic acid. The highest significant RBC, WBC count and catalase activity have been determined in 0.5% formic acid group ( Table 2) .
The only blood parameters showed a significant genotype × dietary supplementation with formic acid were; cholesterol (P=0.001), Hb (P=0.002), haematocrit percentage (P=0.006) and Glutathione peroxidase (P=0.026) ( Table   710 T. M . Abdel-hamid, M. A. Omar 3). CAL rabbits supplemented with 0.3% formic acid had the highest cholesterol and Glutathione peroxidase concentration whereas, the same genetic group fed diet with 0.5% formic acid had the highest Hb concentration. Rabbits of CAL × RX genetic group had received 0.5% acid had depicted the highest haematocrit percentage.
Carcass traits
Heavier hot and reference carcasses (P=0.001and P=0.003) have been recorded in CAL rabbits compared with CAL × RX ( Table  4 ). Rabbits supplemented with 0.5% formic acid had the highest significant hot and reference carcass weights (P=0.001), and hind part percentage (P=0.018). However, those fed diet supplemented with 0.3% formic acid had the highest stomach (P=0.001), intestine (P<0.001), liver (P=0.005) and periscapular fat percentages (P=0.008). On the other hand, the control rabbits had the highest skin% (P=0.016) ( Table 4 ). The effect of genotype × dietary supplementation was non-significant on all carcass traits with the exception of dressing out % (P=0.028) ( Table 4) .
Economic parameters
Significant genotype × dietary treatment interaction with formic acid had been detected on total feed intake and total feed cost per rabbit (P<0.05), but if the fixed effects of dietary formic acid level and breed considered separately, it is cleared that rabbits fed on diet with 0.5% formic acid revealed lower total feed intake and total feed cost per rabbit than either control or 0.3% formic acid rabbit groups, but not significant. The effect of genotype × dietary treatment interaction on total feed intake and total feed cost per rabbit was non-significant (P>0.05) and different economic measures are presented in (Table 5 ). Where Net profit for CAL and CAL × RX were 8.68 and 10.34 (LE/rabbit) and for 0, 0.3 and 0.5% formic acid were 4.87, 10.11 and 13.72 LE/rabbit dietary treatment with formic acid at 0, 0.3 and 0.5% of diet; Hb (g/dL) = haemoglobin concentration measured by gram in deciliter; G × T = genotype × dietary treatment interaction; sem = standard error of mean. GP = Glutathione peroxidase. Number of rabbits per group is 10 (5 males and 5 females). Means within the same row within the dietary treatment category not sharing the same letter were significantly different at P< 0.05. CAL = Californian; CAL × RX = Californian × Rex; 1 dietary treatment with formic acid at 0, 0.3 and 0.5% of diet; G × T = genotype × dietary treatment interaction; 2 reference carcass = chilled carcass minus head, liver, heart, lungs, esophagus, trachea, thymus gland, and kidney free of perirenal fat; Means within the same row within the dietary treatment category not sharing the same superscript letter were significantly different at P< 0.05. 1 Dietary treatment with formic acid at 0, 0.3 and 0.5% of diet; CAL = Californian; CAL × RX = Californian × Rex; LE = Egyptian pound; 2 calculated as total feed intake per rabbit multiplied by price per kg of feed (4.5 LE); 3 calculated as final body weight multiplied by price per kg of live rabbit sold (32 LE); G × T = genotype × dietary treatment interaction; sem = standard error of mean. 4 Calculated as price of rabbit plus price of litter. 5 Calculated as price of rabbit and all medicaments (LE/ rabbit). 6 Calculated as rent, employments and other fixed costs (LE/ rabbit).
Discussion
The improvement in body weights, BWG, and ADG and the worseness in the feed to gain ratios after supplementation with organic acids (formic acid) has been seen in this study are in agreement with those reported previously (33, 34) . The first authors found feed intake to decrease and consequently, improvement feed conversion with the supplementation of diet with citric acid from 0.5% and up to 2.0% whereas, the second author recorded improvement of body weight gains with 0.5% fumeric, citric, and malic acids. However, no response has been recorded on weight gain, but feed intake was lowered and thus the feed conversion was improved in rabbits fed citric acid at g/kg diet (35) . Dietary treatment with 0.5% acetic acid or 0.5% lactic acid had a positive effect on body weight gain and feed conversion ratio of summer stressed growing New Zealand White rabbits (13). Similarly, positive effects of organic acids on growth traits have been reported by (36) . The addition of 1.5% fumaric acid to rabbits' diet improved daily gain and feed efficiency (37, 34 ).
This positive effect of formic acid on growth performance could be attributable to the unfavorable environment to pathogens in the cecum and ileum that the formic acid exert by lowering the ph. Also, it acts as substrates in the intermediary metabolites, increase gastric protein digestion and availability of some elements that complex with (17) .
There is no doubt that the average final body weights had been recorded in the present study were below the average expected for these animal and for these ages and this could be attributed to the higher temperature to which the rabbits were exposed and this previously documented (38, 39) . Genetic group × dietary treatment was non-significant on final body weight (40).In a study on New Zealand × Californian mixed-sex rabbits, rabbits fed diet supplemented with a blend of microencapsulated formic and citric acids 0.2% in the finishing period (56-77 d) had higher significant (P=0.019) ADG (48.0 g) compared with control (43.9 g) (8) Rabbits fed diet with organic acids at 1.0 g/kg depicted higher significant body weights at 14 weeks of age and daily body weight gains at 7-14 weeks age interval and lower significant feed conversion ratios compared with control.
Blood heamatological, biochemical and oxidative stress parameters
The significant differences between purebred CAL and CAL× RX crossbred rabbits in the serum level of triglycerides are in accordance with the findings of (41) . Whereas, other authors reported that genetic group to have a non-significant effect on blood haematological and biochemical parameters (40, 36) .
In agreement with (13) they found that dietary supplementation with organic acid had a significant effect on serum globulin and cholesterol concentration. However, (13) observed that dietary supplementation of 0.5% acetic acid or 0.5% lactic acid had a non-significant effects on plasma total protein, albumin, globulin and total lipids, but they significantly lowered plasma cholesterol concentration compared with Control rabbits. The dietary treatment of rabbits with organic acids at 1.0 g/kg had no effect on blood biochemical parameters. Also, blood biochemical parameters not significantly differed in rabbits fed diet supplemented with mixture of formic and propionic acids and those on the basal diet only (16, 41) .
The exposure of rabbits to high temperature leads to stress on these rabbits, leading to increased free radicals and lipid oxidation and these free radicals can lead to irreversible damage to cells if not treated (42) .Antioxidant enzymes have an important role in the animals in getting rid of free oxygen radicals that are released as a result of heat stress (43). The rabbits fed diet supplemented with Mucuna Pruriens leaf meal had higher and significant glutathione peroxidase and catalase in the blood these enzymes help these rabbit to cope with stress-induced oxidative destruction (1)
Carcass traits
The higher significant hot and reference carcass weights of CAL than that of CAL × RX are consistent with those reported by (38) , they detected significant differences among genetic groups for the majority carcass traits. Also, the commercial and the reference carcass weights were higher in purebred rabbits than crossbreds at 30°C.
The higher periscapular in rabbits fed on diet with 0.3% formic acid collaborate those reported previously (13) who found higher abdominal fat in rabbits supplemented with 0.5% lactic acid than control but not significant. The diet supplementation with organic acids had no effect on carcass traits (13, 16, 17) .Inclusion of organic acids, butyric acid, calcium formate or its salts in the diet had no effect on internal organs and skin weights, but hot carcass weight and dressing out percentage were significantly affected.
Any contrasting results with previous studies regarding the effect of organic acid on carcass traits could be explained by different experimental animal, methods of calculations, slaughter age and/or experimental procedures. The non-significant effect of genetic group × dietary treatment on carcass traits are in agreement with those reported by (40).
Economic parameters
The results showed significant effect of formic acid at 0.5% where the total returns CAL and CAL × RX were 56.01 and 54.5 (LE/rabbit) and for 0, 0.3 and 0.5% formic acid were 50.2, 56.3 and 60.30 LE/rabbit respectively. Meanwhile Net profit for CAL and CAL × RX were 8.68 and 10.34 (LE/rabbit) and for 0, 0.3 and 0.5% formic acid were 4.87, 10.11 and 13.72 LE/rabbit on the side of economic efficiency measurements the Net profit/ total returns were significant at p ≤ 0.05 for CAL and CAL × RX were 0.15 and 0.18 and for 0, 0.3 and 0.5% formic acid were 0.09 , 0.17 and 0.22 that indicated the economic importance of using formic acid at 0.5% for rabbits.
Conclusion
The dietary supplementation with formic acid at 0.5% of diet has been associated with an improvement in growth traits, health, immunity and antioxidant blood parameters of summer stressed CAL and CAL × RX rabbits without any negative effect on carcass traits. In addition to, the economic efficiency was found to be higher in rabbits fed diet with 0.5% formic acid.
Significant genotype × dietary supplementation with formic acid interactions have been detected for ADFI, cholesterol, Hb, haematocrit percentage, glutathione peroxidase, dressingout% ,total feed intake, total feed cost, net profit per rabbit and net profit/ total return.
